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ABSTRACT
According to several studies, phytochemicals, such as polyphenols, fla-
vones, and flavonoids have significant anticancer properties that can com-
bat various malignancies. Even though its action is highly dependent on
the intracellular availability of reduced glutathione, Quercetin is regarded
as an excellent free-radical scavenging antioxidant flavonoid. Apart from its
antioxidant properties, Quercetin has a direct pro-apoptotic action in
tumor cells. It has been shown to inhibit the proliferation of multiple
human cancer cell lines at various cell cycle stages. The choice of a suit-
able chemopreventive agent was based on epidemiological studies that
showed that consuming a specific dietary component (e.g. Quercetin) can
lower the incidence of specific cancer death. MLK4 (KIAA1804) is the
second most often altered kinase in colorectal carcinomas with microsatel-
lite stability (MSS) (CRC). MLK4 regulates various physiological cellular proc-
esses, including cell cycle, senescence, and apoptosis, and mechanistic
evidence suggests MLK4 is involved in carcinogenesis. In this study, the
molecular structure of the Quercetin molecule was optimized using DFT/
B3LYP method with a cc-pVTZ basis set, and the structural parameters
were calculated. The generated vibrational spectra and the optimized
molecular geometry were thoroughly reviewed and compared with experi-
mental findings, resulting in a strong correlation. FMOs analysis was per-
formed, which confirms the molecular reactivity of the Quercetin molecule.
The anti-tumor efficacy of Quercetin was examined against the colon can-
cer target protein through in silico parameters, such as molecular docking
and dynamics, ADME studies, MM-GBSA calculations, and the
Pharmacophore hypothesis. From the analysis, the docked complex
showed the highest docking score and maintained the complex stability
and flexibility throughout the simulation period. Thus, the present study
concluded that Quercetin could be a potent inhibitor of targeted colon
cancer protein.
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1. Introduction

Flavonoids are polyphenolic substances found in plants classified as flavonols, flavones, flavanones,
isoflavones, catechins, anthocyanidins, and chalcones on their chemical structure. According to several
studies, phytochemicals, such as polyphenols, flavones, and flavonoids have significant anticancer
properties that can combat a variety of malignancies.1 The antioxidant impact of this flavonoid is
maybe its most essential feature. In addition, Quercetin may be beneficial in the prevention of cancer.
The flavone molecule quercetin (3,30,40,5,7-pentahydroxyflavone) belongs to the flavonoids family.

It is abundant in the form of glycoside in a range of plants, fruits, and vegetables, such as
onion, buckwheat, and broccoli, and is a natural product in the human diet. It’s been added to
functional foods as a commercial dietary supplement and has been shown to help prevent and
treat illnesses like cancer.2 Many naturally occurring substances, such as resveratrol1, 2-methox-
yestradiol, luteolin derivatives, ellagic acid, and synthetic medicines used in chemotherapy, such
as doxorubicin cisplatin, and others, have been combined with Quercetin. Combination treatment
with Quercetin had synergistic results in several cases.3 Flavonoids are the most researched anti-
cancer and cancer-prevention medications.

Quercetin is a flavonoid with high potential in oncology due to its chemopreventive effects evi-
denced in vitro and in vivo models. Quercetin elicits biphasic, dose-dependent effects. At low
concentrations, Quercetin acts as an antioxidant, and thus elicits chemopreventive effects, but at
high concentrations, Quercetin functions as a pro-oxidant and may, therefore, elicit chemothera-
peutic effects. Quercetin’s anticancer effects rely on its ability to reduce proliferation, induce
apoptosis, cause cell cycle arrest and inhibit mitotic processes by modulating cyclins, pro-apop-
totic, PI3K/Akt, and mitogen-activated protein kinase (MAPK) molecular pathways. These chemi-
cals can interfere with particular phases of the carcinogenic process, decrease cell growth, and
cause apoptosis in various cancer cells. Colon cancer is typical cancer with a high mortality and
morbidity rate worldwide. To determine the Quercetin compound’s characteristics, such as metal-
ligand bond strengths, binding energies, transition barriers, and relative conformational energies.
To determine the extent to which its prediction may be relied on, DFT must be calibrated.4

MLKs are a group of serine-threonine kinases that are considered to regulate a variety of intracel-
lular signaling pathways. MLKs have an SRC-homology domain at the amino terminus, a kinase
domain, a leucine-zipper region, and a Cdc42/Rac-interactive binding (CRIB) motif. Although all
MLKs have a proline-rich carboxyl terminus, it differs significantly amongst family members,
indicating that this region has various regulatory roles.5
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The electronic structure of atoms, molecules, and solids can be calculated using density func-
tional theory (DFT), a quantum-mechanical (QM) technique. Chemical reaction mechanisms,
structural and spectroscopic characteristics, and other concerns are all elucidated using DFT, fre-
quently with high dependability. DFT helps to determine an atom, molecule, or solid electronic
structure in physics and chemistry. The molecular docking approach can mimic the interaction
between a small molecule and a protein at the atomic level, allowing us to characterize the behav-
ior of small molecules in the binding sites of target proteins and illuminate fundamental bio-
chemical processes. Through docking, it is possible to find new drugs with therapeutic potential,
predict molecular interactions between ligands and targets, and much more. Molecular dynamics
simulations, a sophisticated technique, can now effectively understand the relationships between
macromolecular structure and function. The simulation process time is quite close to a biologic-
ally important phase. By using the information on the dynamic characteristics of macromolecules,
it is feasible to shift the traditional paradigm of structural bioinformatics from studying single
structures to analyzing conformational ensembles.

In the present study, the molecular structure of the Quercetin molecule was optimized, and
the vibrational frequencies were calculated. The calculated vibrational wavenumbers were assigned
based on potential energy distribution calculations and compared with the reported experimental
wavenumbers. Frontier molecular orbitals (FMOs) analysis was used to determine the molecule’s
chemical hardness, potential, and electronegativity. The UV-Visible spectrum of the Quercetin
molecule was simulated in gas and ethanol phases. Molecular electrostatic potential (MEP) surface
and Mulliken atomic charge distribution analysis were also carried out to confirm the reactive
nature of the molecule. In addition to that, the anti-cancerous efficacy of the Quercetin molecule
was examined against colon cancer target receptors through computational approaches, including
molecular docking, ADME studies, pharmacophore modeling, and molecular dynam-
ics simulation.

2. Methodology

2.1. Quantum chemical calculations

Quercetin (Compound ID: 5280343) molecule was optimized using the DFT/B3LYP method with
cc-pVTZ basis set using Gaussian 09 program.6 The vibrational wavenumbers of the molecule
were calculated and assigned based on PED calculations using the VEDA 4.0 programme.7 The
Gauss View 05 visualization tool displayed the investigated molecule’s molecular structure, FMOs,
and molecular electrostatic potential (MEP) surface. Mulliken atomic charge values of the
Quercetin molecule were calculated using Mulliken population analysis. All DFT calculations
were performed at the ground state energy level of the Quercetin molecule, with no constraints
on the potential energy surface.

2.2. Target identification and preparation

The target receptor was downloaded from the PDB (Protein Data Bank) database.
The following approaches were performed; a protein preparation panel was used to prepare

the target receptor. The target bound with the co-crystallized water molecules, which were deleted
and refined the structure by optimizing and minimizing using the force field OPLS_2005.8 In this
present study, MLK4 kinase protein was the targeted receptor molecule. MLK4 (KIAA1804) is the
second most often altered kinase in colorectal carcinomas with microsatellite stability (MSS). The
mechanistic study evidenced that MLK4 is essential in carcinogenesis. MLK4 regulates several
physiological cellular processes, such as cell cycle, senescence, and apoptosis. Serine-threonine
kinases, known as MLKs, are thought to control many intracellular signaling pathways. From
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RCSB, PDB proteins were downloaded (PDB ID-4UYA). Further Glide XP (Extra Precision)
docking protocol was followed for molecular docking. Glide XP docking is used to identify the
best ligand orientation relative to a rigid protein receptor geometry. Three approaches to sam-
pling ligand conformational and positional degrees of freedom are available. The techniques for
flexible ligand docking using Glide XP are presented in this unit, with the option of ligand
restrictions or molecular ligand similarity. Then these conformations can be ranked using a scor-
ing function to achieve docking.

2.3. Ligand preparation

The selected ligand Quercetin was downloaded from PubChem and imported to the LigPrep
module, which was used to generate different conformers from the input structure. OPLS_2005
force field9 was used to optimize the structure. After minimizing the structure, the prepared lig-
and and protein were subjected to docking analysis.

2.4. Molecular docking studies

The molecular docking study analyzed Quercetin’s binding affinity and inhibitory action against
the target receptor. The study was carried out on Glide XP docking; the prepared ligand was
docked with the target protein’s active site.10,11 The receptor grid generation panel generated the
grid box with the X, Y, and Z coordinates. The highest-dock-score binding conformation between
the receptor and the newly created molecule was evaluated, contrasted, and selected for further
MD simulation study.

2.5. Molecular dynamics simulation

MD simulation of the docked complex was performed in the GROMACS server for 100ns. Prodrg
server12 was utilized to generate the topology and coordinates of the ligands. In addition, the protein
files were generated through Gromacs using the GROMOS96 43a1 force field and solvated by the
SPC water model.13 A cubic box was generated with the size of about 2.0Å and by deleting the
unwanted water molecule by neutralizing the system by adding ions. NPT and NVT were maintained
at 300K with 100ps. The Berendsen method was utilized to regulate the temperature inside the sys-
tem. The solvent molecules were loosened, and the solutes were constrained to their initial positions
during the 5,000 steps that the two formed systems and were subjected to a force of 100 kcal/mol.
And finally, MD was executed at the simulation period of 100ns.14

2.6. Binding free energy calculation

MMGBSA (Molecular Mechanics Generalized Born Surface Area) approach was one of the most
acceptable methods to calculate the binding energy of the docked complex.15 MMGBSA.py script
was utilized to calculate the binding energy by using the force field OPLS_2005; it was calculated
by using the equation,

DG bindð Þ ¼ DG complexð Þ � ½DG receptorð Þ þ DG ligandð Þ

2.7. ADME analysis

The ADME parameter is one of the essential criteria to filter out the drug-likeness of the small
molecules. This analysis was carried out using the Qikprop module.16 A ligand’s toxicity is vital
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for acting as an effective drug in novel drug development, and Qikprop generates physically rele-
vant descriptions.

2.8. Pharmacophore feature

Pharmacophore characteristics include hydrophobic centroids, aromatic rings, hydrogen bond
acceptors or donors, cations, and anions. These pharmacophore sites could be on the lig-
and itself.17

3. Results and discussion

3.1. Molecular geometry analysis

In this study, the DFT/B3LYP method with a cc-pVTZ basis set was used to optimize the
molecular structure of the title molecule.18 The optimized molecular geometry’s energy value was
calculated as 1103.81 a.u. The optimized molecular structure of the Quercetin molecule is seen in
Figure 1. Table 1 lists the molecule’s computed structural parameters, including bond length,
bond angle, and dihedral angle values. The Quercetin molecule has C1 point group symmetry in
its molecular geometry.

The Quercetin molecule’s vibrational modes are all IR and Raman active, indicating that it has
a non-centrosymmetric structure.19 The absence of negative vibrational wavenumbers implies that
the optimal molecular structure of the Quercetin molecule is located at a local minimum on the
potential energy surface.20

3.2. Vibrational spectral analysis

Quercetin molecule has 32 atoms and 90 normal modes of vibrations that all belong to the same
symmetry species. Table 2 shows the vibrational frequencies, IR intensity, and Raman scattering
activity of the most stable optimal structure of the Quercetin molecule. Figure 2 illustrates the
theoretically generated infrared and Raman spectra of the molecule. The theoretically predicted
vibrational wavenumbers were well associated with the available experimental vibrational

Figure 1. The optimized molecular structure of Quercetin molecule.
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wavenumbers.21–28 The vibrational wavenumbers of the molecule were assigned using the VEDA
4.0 software, which has been acknowledged as a helpful method for identifying vibrational fre-
quencies by various studies.29,30

Table 1. The optimized structural parameters of the Quercetin molecule calculated by the DFT/B3LYP method with cc-pVTZ
basis set.

Structural Parameters cc-pVTZ Structural Parameters cc-pVTZ Structural Parameters cc-pVTZ

Bond length (�Å) Bond angle (�) Bond angle (�)
O1–C9 1.38 C16–O5–H25 112.28 C21–C19–H31 119.95
O1–C10 1.39 C20–O6–H26 113.12 O6–C20–C17 124.93
O2–C12 1.39 C22–O7–H27 109.77 O6–C20–C22 114.00
O–2–H23 0.97 C9–C8–C13 119.91 C17–C20–C22 121.05
O3–C14 1.37 C9–C8–C14 115.92 C19–C21–C22 120.11
O3–H24 0.97 C13–C8–C14 124.14 C19–C21–H32 121.37
O4–C13 1.24 O1–C9–C8 121.19 C22–C21–H32 118.51
O5–C16 1.38 O1–C9–C15 114.80 O7–C22–C20 120.35
O5–H25 0.97 C8–C9–C15 123.99 O7–C22–C21 120.22
O6–C20 1.39 O1–C10–C11 112.17 C20–C22–C21 119.41
O6–H26 0.97 O1–C10–C12 119.86 Dihedral angle (�)
O7–C22 1.37 C11–C10–C12 127.93 C10–O1–C9–C8 �0.02
O7–H27 0.98 C10–C11–C17 120.84 C10–O1–C9–C15 �179.60
C8–C9 1.41 C10–C11–C19 120.38 C9–O1–C10–C11 178.05
C8–C13 1.47 C17–C11–C19 118.76 C9–O1–C10–C12 �3.46
C8–C14 1.42 O2–C12–C10 122.86 H23–O2–C12–C10 24.93
C9–C15 1.39 O2–C12–C13 113.92 H23–O2–C12–C13 �155.85
C10–C11 1.46 C10–C12–C13 123.20 H24–O3–C14–C8 179.66
C10–C12 1.36 O4–C13–C8 124.79 H24–O3–C14–C18 �0.29
C11–C17 1.41 O4–C13–C12 120.66 H25–O5–C16–C15 179.78
C11–C19 1.40 C8–C13–C12 114.53 H25–O5–C16–C18 �0.10
C12–C13 1.47 O3–C14–C8 118.24 H26–O6–C20–C17 2.23
C14–C18 1.39 O3–C14–C18 120.56 H26–O6–C20–C22 �177.33
C15–C16 1.39 C8–C14–C18 121.18 H27–O7–C22–C20 0.62
C15–H28 1.08 C9–C15–C16 117.96 H27–O7–C22–C21 �178.85
C16–C18 1.40 C9–C15–H28 120.82 C13–C8–C9–O1 1.77
C17–C20 1.38 C16–C15–H28 121.20 C13–C8–C9–C15 �178.68
C17–H29 1.08 O5–C16–C15 116.93 C14–C8–C9–O1 �179.32
C18–H30 1.08 O5–C16–C18 122.25 C14–C8–C9–C15 0.21
C19–C21 1.39 C15–C16–C18 120.81 C9–C8–C13–O4 179.21
C19–H31 1.08 C11–C17–C20 119.80 C9–C8–C13–C12 �0.18
C20–C22 1.40 C11–C17–H29 120.20 C14–C8–C13–O4 0.40
C21–C22 1.39 C20–C17–H29 119.88 C14–C8–C13–C12 �178.99
C21–H32 1.08 C14–C18–C16 120.10 C9–C8–C14–O3 179.84
C9–O1–C10 121.10 C14–C18–H30 119.64 O1–C9–C15–H28 �0.15
Bond angle (�) C16–C18–H30 120.24 C8–C9–C15–C16 �0.07
C12–O2–H23 111.03 C11–C19–C21 120.84 C8–C9–C15–H28 �179.72
C14–O3–H24 111.37 C11–C19–H31 119.20 O1–C10–C11–C17 �149.26
Dihedral angle (�) Dihedral angle (�) Dihedral angle (�)
O1–C10–C11–C19 29.42 O2–C12–C13–C8 177.45 C11–C17–C20–C22 0.17
C12–C10–C11–C17 32.40 C10–C12–C13–O4 177.23 H29–C17–C20–O6 �2.99
C12–C10–C11–C19 �148.90 C10–C12–C13–C8 �3.33 H29–C17–C20–C22 176.54
O1–C10–C12–O2 �175.64 O3–C14–C18–C16 �179.99 C11–C19–C21–C22 0.26
O1–C10–C12–C13 5.21 O3–C14–C18–H30 �0.05 C11–C19–C21–H32 �179.70
C11–C10–C12–O2 2.56 C8–C14–C18–C16 0.05 H31–C19–C21–C22 �179.50
C11–C10–C12–C13 �176.56 C8–C14–C1–H30 179.99 H31–C19–C21–H32 0.52
C10–C11–C17–C20 179.35 C9–C15–C16–O5 �179.98 O6–C20–C22–O7 �0.68
C10–C11–C17–H29 2.99 C9–C15–C16–C18 �0.08 O6–C20–C22–C21 178.79
C19–C11–C17–C20 0.64 H28–C15–C16–O5 �0.32 C17–C20–C22–O7 179.72
C19–C11–C17–H29 �175.71 H28–C15–C16–C18 179.56 C17–C20–C22–C21 �0.79
C10–C11–C19–C21 �179.58 O5–C16–C18–C14 179.98 C19–C21–C22–O7 �179.95
C10–C11–C19–H31 0.18 O5–C16–C18–H30 0.04 C19–C21–C22–C20 0.56
C17–C11–C19–C21 �0.86 C15–C16–C18–C14 0.09 H32–C21–C22–O7 0.01
C17–C11–C19–H31 178.90 C15–C16–C18–H30 �179.83 H32–C21–C22–C20 �179.46
O2–C12–C13–O4 �1.97 C11–C17–C20–O6 �179.36
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3.3. Frontier molecular orbitals (FMOs) analysis

FMOs are typically used to define how a molecule interacts with other species.
FMOs are the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecu-

lar orbital (LUMO). The HOMO energy indicates the capacity to give electrons, whereas the
LUMO energy indicates the ability to transport electrons.31 FMOs are essential in electric and
optical characteristics, UV–Vis spectra, and quantum chemistry.32 The HOMO–LUMO gap
explains the molecule’s kinetic stability and chemical reactivity, critical characteristics in defining
its electronic properties. A soft molecule has a short HOMO–LUMO gap, limited kinetic stability,
and high chemical reactivity. Figure 3 depicts the molecule’s FMOs, and FMO’s related molecular
properties were calculated using Koopman’s theorem, which is listed in Table 3.33,34 In Figure 3,
the positive phase is denoted by red, whereas the negative phase is depicted in green. As listed in
Table 3.

Table 2. The calculated vibrational frequencies (cm�1), IR intensities (Km mol�1), Raman scattering activity (Å4 amu�1), and
vibrational assignments based on PED calculations for the Quercetin molecule.

�cal
aI IR bI Raman Assignment with PED% �cal

aI IR bI Raman Assignment with PED%

3703 54.29 128.49 � O–H (100) 1436 58.55 105.85 b O–H (45)
3672 54.26 241.48 � O–H (98) 1348 115.25 199.50 b U C–H (28)
3644 26.14 264.74 � O–H (98) 1310 61.78 23.60 b / C–H (58)
3622 30.70 108.69 � O–H (98) 1262 171.24 89.98 b / C–H (52)
3619 122.76 206.47 � O–H (98) 1224 278.28 52.86 b O–H (25)
3272 0.64 67.98 � / C–H (98) 1170 352.35 2.88 b / C–H (28)
3254 2.33 96.95 � U C–H (94) 1162 131.71 2.57 b O–H (33)
3236 4.71 94.69 � U C–H (95) 1144 357.29 4.33 b / C–H (55)
3203 3.17 26.28 � U C–H (86) 1117 111.26 1.23 b O–H (36)
3181 18.29 149.18 � / C–H (78) 1070 117.94 6.29 � / C–O (38)
1690 236.36 48.46 � / C–C (48) 924 28.30 0.70 g U C–H (45)
1680 160.86 772.79 � / C–C (48) 801 52.06 4.87 g / C–H (28)
1669 135.64 1341.7 � / C–C (46) 511 175.02 4.27 g U O–H (39)
1664 337.21 60.22 � / C–C (35) 426 89.87 0.69 g / O–H (33)
1579 113.98 20.52 b U C–H (38) 399 163.75 7.60 g O–H (28)
1481 206.77 10.10 b / C–H (38) 372 142.02 4.64 g O–H (29)

�: stretching; b: in-plane bending; g: out of plane bending; /: benzene ring 1 (left); U: benzene ring 2 (right); �cal: calculated
vibrational frequency; aI IR: infrared spectra intensity; bI Raman: Raman scattering activities.

Figure 2. The simulated infrared and Raman spectra of Quercetin molecule.
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The calculated low energy gap value (4.08 eV) verifies the increased chemical reactivity of the
Quercetin molecule. It explains the molecule’s intramolecular charge transfer interaction, which
determines the bioactivity of the molecule.35,36 Ionization energy (I) is necessary to remove an
electron from a filled orbital. Electron affinity (A) is the energy released when an electron is
added to an empty orbital.

The higher ionization energy (5.72 eV) and low electron affinity (1.64 eV) imply that electro-
philic and nucleophilic reactive sites are conceivable. The molecule’s global hardness, g¼ 2.04 eV,
global softness, S¼ 0.49 eV, chemical potential, l¼�3.68 eV, and global electrophilicity index,
w¼ 3.31 eV, were also estimated. The calculated hardness and softness values indicate that the
molecule is stable. The molecule’s anticipated chemical potential and electrophilicity index values
support its chemical stability, comparable to that of a potent bioactive compound.37–39

3.4. UV-Visible spectral analysis

The TD-DFT/B3LYP method with a cc-pVTZ basis set was used to simulate the Quercetin mole-
cule’s UV-Visible spectra. A TD-DFT approach may investigate molecules’ static and dynamic

Figure 3. FMOs of Quercetin molecule.

Table 3. The calculated FMOs related molecular properties of the Quercetin molecule.

Molecular properties Energy (eV)

EHOMO �5.72
ELUMO �1.64
Energy gap 4.08
Ionization energy (I) 5.72
Electron affinity (A) 1.64
Global hardness (g) 2.04
Global softness (S) 0.49
Chemical potential (l) �3.68
Electrophilicity index (w) 3.31
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characteristics in excited states.40,41 The B3LYP method gives good results concerning the mole-
cules’ molecular geometry and physicochemical properties. Figure 4 shows the simulated UV-
Visible spectra of the Quercetin molecule in gas and ethanol phases. The estimated absorption
wavelengths (k), excitation energy (E), and oscillator strength (f) for the gas phase and ethanol
phase are listed in Table 4. As indicated in Figure 4, the first peak for the solvent was obtained at
around 309 nm, whereas the matching peak for the gas phase was obtained at around 293 nm.
The second peak was most substantial in the gas phase and solvent, about 331 and 346 nm,
respectively. Figure 4 shows a considerable bathochromic shift (redshift) of absorption maxima in
the solvent phase compared to the gas phase. Because excited states are more polar than ground
states, the dipole interaction between solvent molecules and the solute decreases the energy of the
excited state more than the ground state.42,43

3.5. MEP surface analysis

MEP surface analysis visualizes a molecule’s chemically active areas, which aids in understanding
molecular reactivity, electrophilic reactions, substituent effects, and intramolecular interactions.43

The MEP surface of the Quercetin molecule is shown in Figure 5. Electron-rich, somewhat elec-
tron-rich, slightly electron-deficient, and electron-deficient areas are represented on the MEP sur-
face by red, yellow, light blue, and blue, respectively. Because of the lone pair of oxygen atoms,
the areas surrounding the oxygen atoms were electron-rich (red). All hydrogen atoms had a
somewhat electron-deficient (light blue) region in the molecule. The area surrounding the hydro-
gen atoms H25 and H26 was discovered to be electron deficient (blue). The neutral electrostatic
potential envelopes (green) were projected over the molecule. From the MEP analysis, the hydro-
gen atom H26 and the oxygen atom O6 are possible electrophilic and nucleophilic attack sites.

3.6. Mulliken atomic charge distribution analysis

The Mulliken atomic charge distribution affects the dipole moment, polarizability, electronic
structure, vibrational modes, electrostatic potential model outside the molecular surface, and elec-
tronegativity equalization process of a molecule.44 The estimated Mulliken atomic charge

Figure 4. The simulated UV-Visible spectra of Quercetin molecule in gas phase and ethanol phase.

POLYCYCLIC AROMATIC COMPOUNDS 9



distribution values for the Quercetin molecule are shown in Table 5. According to Table 5, the
hydrogen atom H26 (0.390) and the oxygen atom O6 (0.657) have higher positive and negative
charge values, respectively. The carbon atoms have a considerable negative charge value, which
confirms electron delocalization inside the molecule. The Mulliken atomic charge distribution of
the molecule reveals that all hydrogen atoms have positive charge values, whereas all oxygen
atoms have negative charge values. On the other hand, carbon atoms have both positive and
negative charge values. Therefore, their substituents outnumber carbon atoms. H26 has a higher
positive charge value (0.390) than other hydrogen atoms due to the electronegative oxygen atom
O6 attached to it. The atomic charge analysis performed by Mulliken reveals that the hydrogen
atom H26 and the oxygen atom O6 are possible electrophilic and nucleophilic attack sites,
respectively.

As a consequence of this conclusion, the MEP surface analysis is verified.

Table 4. The calculated absorption wavelength k (nm), excitation energy values E (eV), oscillator strength (f), and orbital con-
tributions for Quercetin molecule with its assignments.

Solvents k (nm) E (eV) f Orbital contributions Assignments

Gas 293 4.23 0.0716 H-2!L (85%) p!p�
331 3.75 0.3702 H!L (91%) n!p�

Ethanol 309 4.01 0.0413 H-1!L (93%) p!p�
346 3.59 0.3755 H!L (76%),

H-3 !L (18%)
n!p�

Figure 5. MEP surface of the Quercetin molecule.

Table 5. The calculated Mulliken atomic charge distribution of the Quercetin molecule.

Atom Charge value Atom Charge value Atom Charge value Atom Charge value

O1 �0.596 C9 0.218 C17 �0.171 H25 0.377
O2 �0.591 C10 0.256 C18 �0.145 H26 0.390
O3 �0.567 C11 0.023 C19 �0.121 H27 0.401
O4 �0.392 C12 0.192 C20 0.232 H28 0.164
O5 �0.620 C13 0.259 C21 �0.125 H29 0.165
O6 �0.657 C14 0.198 C22 0.279 H30 0.116
O7 �0.619 C15 �0.109 H23 0.369 H31 0.158
C8 0.129 C16 0.263 H24 0.372 H32 0.153
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3.7. Molecular docking and binding free energy

The docked complex 4UYA_Quercetin showed the highest docking score of about �10.239Kcal/
Mol, and hydrogen bond interaction occurred with the residues Glu_201, Ala_203. These residues
depicted the hydrogen bond interactions essential for biological activity. The docked complex also
showed better binding energy of about �59.724Kcal/Mol; the negative implies the best binding
affinity, and the findings were tabulated in Table 6 and displayed in Figure 6. To ensure the sta-
bility of the complex, MD was performed for 100 ns.

3.8. Molecular dynamics simulation

The stability of the docked complex was evaluated through Root Mean Square Deviation (RMSD),
Root Mean Square Fluctuation (RMSF), and Hydrogen bond. After the 100ns of simulation, RMSD,
RMSF, and hydrogen bonds were analyzed through Xmgrace. RMSD plot showed the slightest devi-
ation in the initial period and maintained better stability throughout the simulation. RMSF plot

Table 6. Docking analysis of Quercetin with the target protein (PDB ID: 4UYA).

PDB ID Compound Docking score (Kcal/Mol) Interacting residues Binding free energy (Kcal/Mol)

4UYA QUERCETIN �10.239 Glu_201, Ala_203 (HB) �59.724

Figure 6. Docking analysis of Quercetin with the target protein (PDB ID: 4UYA).
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Figure 7. Molecular dynamics simulation of the complex 4UYA_Quercetin.
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elucidated the fluctuation rate. A modest fluctuation was noted, not affecting the complex’s stability.
The hydrogen bond was noted as 3, illustrated in Figure 7, and the results concluded that the com-
plex showed a better docking score, binding affinity, and stability.

3.9. ADME prediction

Pharmacokinetics, a branch of biology, describes the total deposition of a drug as a result of the
processes of absorption, distribution, metabolism, and excretion. A promising drug’s potential
could be spoiled by the limiting characteristics of absorption, distribution, metabolism, excretion,
and toxicity (ADMET). Additionally, the pharmacokinetic qualities of the medicine, which make
it exceedingly expensive, are seen to be the main disadvantage of drug development in clinical tri-
als. Table 7 shows the pharmacokinetic properties of the compound. The results concluded that
Quercetin obeyed Lipinski’s Rule of five by having a molecular weight of about 302.24, the
Hydrogen Bond donor and acceptor were n the acceptable range (4.00 and 5.25), and the log p-
value was also in the acceptable range.

3.10. Pharmacophore feature

Pharmacophore features are used to determine the small molecule’s chemical features and gener-
ate pharmacophore models automatically based on the overlap of these common characteristic

Table 7. ADME properties of Quercetin.

Compound Mol. Wt HB donor HB acceptor HOA (%) Rule of five QPPCaco QPlogBB QPlogPo/W

Quercetin 302.24 4.00 5.25 52.98 0 21.95 �2.254 0.347

Figure 8. Pharmacophore features of Quercetin.
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structures. Quercetin has the following pharmacophore features: Donor, acceptor, and Ring,
which are displayed in Figure 8.

4. Conclusion

In the present investigation, the molecular structure of the Quercetin molecule was optimized.
The vibrational wavenumbers of the molecule were also calculated, which correlated well with the
reported experimental values. In FMOs analysis, the obtained lower energy gap value indicates
the possible biomedical actions of the Quercetin molecule. MEP surface and Mulliken atomic
charge distribution analyses reveal that the hydrogen atom H26 and the oxygen atom O6 are pos-
sible electrophilic and nucleophilic attack sites, respectively. The inhibitory efficacy of the
Quercetin molecule was examined against colon cancer-associated targeted protein through
molecular docking and dynamics studies. The docked complex showed better binding affinity and
structural stability with the most potent hydrogen bond interactions. The interacting residues,
such as Glu_201 and Ala_203, had hydrogen bond interactions with Quercetin; RMSD and RMSF
analysis revealed the stability of the docked complex with lesser deviation and fluctuations.
Therefore, the present investigation concludes that the Quercetin molecule can act as a potent
inhibitor for treating colon cancer.
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